u i -OV-oXi-lS 



STARTER FOR AN INTERNAL COMBUSTION ENGINE 

BACKGROUND OF THE INVENTION 

The present invention relates to a starter used when an internal 
5 combustion engine is driven, and more particularly to a starter having a 

relatively large output. 

It is a recent requirement of the starter of an internal combustion 
engine to be compact in size, light in weight, high in efficiency, and low in 
cost. To satisfy such requirements, it would be preferable to use a magnet 
1 0 type starter with a high speed-reduction mechanism. Furthermore, the motor 
itself must be compact. For example, the Japanese Patent Application 
Laid-open No. 10-115274 corresponding to USP 5,945,742 discloses this 
kind of starter for an internal combustion engine. 

In general, a starter works as a motor. A magnet type starter satisfies 
15 the relationship VO = Vm + Vr, where VO represents a power source 

voltage, Vr represents a voltage drop caused by a combined resistance r 
composed of a motor internal resistance, a battery internal resistance and a 
cable resistance between the battery and the motor, Vm represents a counter 
electromotive force appearing in the armature coil, and i represents a current 
20 flowing from the power source to the motor. 

When D represents an outer diameter of the armature, lc represents a 
core width, n represents a rotational speed, and B represents a magnetic flux 
density of the magnetic field, the following relationship is established. 

Vm = kl • B • lc • D • n and 
25 Vr = i • r 

where kl is a proportional constant (refer to Fig. 1). 

The above equations derive the following relationship. 

n = (V0-i-r) / (kl- B • lc • D) 

On the other hand, a torque T can be expressed by the following equation. 
30 T = k2 • B • lc D • i 
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where k2 is a proportional constant, and a mechanical loss is, in this 
case, neglected. 

From the above equation, the output W can be expressed by the 
equation 

5 W = T • n = k • (lc • 2 • i — r • i 2 ) 

where k is a proportional constant. 

For example, in case of a 12V battery, VO = 12. 

Accordingly, a maximum output value Wmax is given by the 
following equation (1) when the current value is i = 6/r. 

10 Wmax = 36 • k/r (1) 

When the equation (1) is evaluated in view of compactness of the 
motor, the factors D and lc which decide the motor dimensions have no 
relevancy to the output. Reducing these factors D and lc is effective in 
increasing the rotational speed n but decreases the torque T. However, 
15 according to a starter having an internal speed-reduction mechanism, 
changing the reduction ratio enables the starters to convert them into an 
arbitrary torque T and an arbitrary rotational speed n on the pinion output 
shaft. Thus, regarding the compactness, both the torque T and the rotational 
speed n have no adverse effects on the compact nature of the starters. 

20 More specifically, the motor output increases with decreasing 

combined resistance r. The following equation (2) expresses the combined 
resistance r when the vehicle wiring resistance is neglected, wherein r B 
represents an internal resistance of the battery and r M represents an internal 
resistance of the motor. 

25 r=r B +r M (2) 

As a result, reducing the motor internal resistance r M is a key to 
obtain a satisfactory output without increasing the size of a motor. 

Furthermore, when evaluated with respect to the internal resistance 
of the starter, the magnet type starter is advantageous in having no series 
30 winding resistance. 
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However, the magnet type starter has the armature resistance r A and 
the brush contact resistance r T . Accordingly, the following equation (3) is 
established. 

r M = r A +r T (3) 

5 The armature resistance r A has a direct relationship with the motor 

size (i.e. dimensions). When D represents the outer diameter of the armature 
and L represents an axial length of a coil constituting the armature (L = core 
width lc + both coil end lengths) (refer to Fig. 1), the following equation (4) 
is established. 

10 r A oc coil length / coil cross-sectional area 

r A oc L/D 2 
r A oc L/D (4) 

The reason why the above-described conversion into the formula (4) 
is introduced can be explained in the following manner. When the outer 
15 diameter is small, the coil cross-sectional area is small too. A 
circumferential coil length and a radial coil length need to be reduced 
correspondingly. However, there is a limit in thinning the armature shaft. 
Thus, in order to secure a sufficient magnetic path area, the radial coil length 
cannot be decreased proportionally. Hence, it is realistic to replace D with 
20 D. 

In any case, reducing the axial length L of the coil and increasing the 
outer diameter D of the armature is most effective in increasing the output 
(in other words, in reducing the armature resistance r A ). This conclusion is 
applicable to a series winding type as well. Accordingly, in both of the 
25 magnet type and the series winding type, it is desirable to reduce the axial 
length of the coil and increase the outer diameter of the armature. In this 
case, the armature resistance r A represents a sum of an armature resistance 
and a field resistance. In short, to increase the output without increasing the 
size, it is necessary to reduce the value L/D. 

30 Fig. 2 shows the relationship between an output of a conventional 
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speed-reduction type starter and its combined resistance r. As the graph 
shows, actual measured data substantially agrees with the theoretical 
equation (1) shown by a solid line. The data separately shows different 
values of the internal battery resistance r B . In the drawing, classification of 
5 the data is based on the battery notation according to JIS. It is needless to 
say that a large output starter uses a battery having a small internal 
resistance r B . 

The size of an internal resistance of a representative starter of 1.5 
KW class is, for example, expressed by the following combination. In the 
10 case of a series winding type, the armature resistance is 2.0 mO, the field 
resistance is 2.0 mfl, and the brush and other resistances is 1.0 mfl. As a 
result, a total resistance (i.e. the motor internal resistance r M ) is 5.0 m£2. In 
the case of a magnet type, the armature resistance is 2.0 mfl, the field 
resistance is 0 mil, and the brush and other resistance is 3.0 mO. As a result, 
15 a total resistance (i.e. motor internal resistance r M ) is 5.0 mfl. In this case, 
the brush resistance is a value in a dynamic condition. The dynamic 
condition is a so-called dynamic frictional condition of the brush. To adjust 
the output, the magnet type uses a brush having a large internal resistance 
(i.e. having a small-amount of copper) so that the total resistance is 
20 equalized to 5.0 mfl. In general, the series winding uses a carbon brush 
containing Cu by approximately 70%, while the magnet type uses a carbon 
brush containing Cu by approximately 60%. 

In any case, approximately a half of the motor internal resistance r M 
is the armature resistance r A . Accordingly, the combined resistance r 
25 becomes small and the output increases with decreasing armature resistance 
r A . According to the formula (4), the armature resistance r A becomes small 
with increasing D or with decreasing L (or the ratio L/D). Figs. 3, 4, and 5 
show conventional examples. 

The data shown in these drawings are classified into several groups 
30 according to the internal resistance of the battery. The relationship between 
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r M and D is substantially theoretical. However, the relationship between r M 
and L or L/D is contrary to the theory. This is believed that, although L 
should be small to attain compactness and light weight, the heat capacity 
(D 2 L) of the starter should be enlarged to suppress the temperature rise when 
5 heat is generated. Increasing L is thus preferable in securing the heat 
resistivity. On the other hand, there may be a method for securing a 
sufficient heat capacity by increasing D. However, from the restriction such 
as the ring gear of an engine not being able to be enlarged, the pinion of a 
starter is then inevitably determined to a predetermined position and 
10 accordingly D cannot be enlarged. Furthermore, the circumferential speed of 
the brush will increase and accordingly a great amount of frictional heat will 
be produced. From these circumstances, the compactness and light weight 
must be sacrificed to assure a sufficient length L. As a result, no 
consideration about compactness is conventionally involved in optimizing 
1 5 the actual design relating to the dimension L/D. This tendency is remarkable 
when the battery scale becomes large because its current increases. 

Fig. 6 shows the relationship between r M /rB and L/D to clearly (i.e. to 
exclude the influence of the battery) show the relationship between the 
battery scale and the starter resistance according to conventional starter data, 
20 in which r M /r B represents a resistance ratio of the internal resistance r M of the 
starter motor to the internal resistance r B of the battery. 

Reducing the size ratio L/D in the motor design will result in 
increase of the output. However, as shown in Fig. 6, when the resistance 
ratio is small (i.e. when r M is small compared with r B ), L/D tends to be large. 
25 This is contrary to the above-described motor characteristic theory. In short, 
the practical starters are compact (i.e. relatively small in the value L/D) 
when the resistance ratio is equal to or larger than 0.4 but are not compact 
(i.e. relatively large in the value L/D) when the resistance ratio is smaller 
than 0 . 4 . 

30 Furthermore, the starter output should be evaluated from various 
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view points other than the size. Fig. 7 is a graph showing the relationship 
between the battery resistance and the starter resistance calculated according 
to the above-described equation (2). In this graph, solid lines represent the 
relationship between the starter internal resistance r M and the combined 
5 resistance r for various values of the battery internal resistance r B . Each 
black dot mark shown in the graph indicates a conventionally used 
combination of a starter and a battery. Furthermore, dotted lines show the 
relationship to the resistance ratio r M /r B . The ordinate axis shows the output 
obtained from the equation (1), too. 

10 According to this graph, it will be understood that 1.8 KW is 

producible if an starter of r M = 0.01 uses a battery having a small internal 
resistance (e.g. 12E). However, as indicated by black dot marks, it is a 
reality that the actual output is limited to 0.8 KW when combined with a 
battery of 12B from the consideration that the starter performance should be 
1 5 suppressed in view of heat resistivity. 

On the other hand, a starter of r M = 0.002 can produce 3.0 KW when 
combined with a battery of 12E and produce approximately 1.2 KW when 
combined with a battery of 12B. This is almost the same as an output 
producible when a starter of r M = 0.01 uses a battery of 12C. In this case, as 
20 indicated by black dot marks, a starter is usually combined with a battery of 
12E to produce 3.0 KW. Namely, from Fig. 7, it is apparent that the starter 
having the resistance ratio equal to or less than 0.4 (i.e. the starter to be 
improved in compactness) is the one producing a higher output equal to or 
larger than 2.0 KW. It will be understood that a high-output starter produces 
25 a great amount of heat and accordingly in the design of a starter the first 
priority is given to the improvement of heat resistivity. 

In recent years, automotive vehicles must satisfy the severe 
requirements in improving their fuel economy. Furthermore, from the view 
point of reserving valuable global environments, an economy running 
30 control is recommended. Furthermore, there is the tenacious requirement for 
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light weight, too. Especially, to carry out the economy running control 
efficiently, using a high-output starter at a derated output level is effective in 
attaining satisfactory performances in the durability, fuel economy, and 
startup operation. For example, according to this design concept, replacing a 
5 conventional starter of 1 .2 KW with a new starter of 2.0 KW is considered 
to be advantageous in that a significant merit will be brought to the 
automotive vehicle as a whole. However, the engine room is very crowded 
and there is a limited amount of available space remaining in the engine 
room. Installing a large starter into such a limited narrow space is difficult. 
10 Hence, it is realistic to increase the starter output without increasing the 
starter dimensions. However, as described above, the high-output starters 
must be sufficiently heat resistant and it is generally difficult to reduce the 
body size. In short, the low-output starters of 1.0 KW class or less can 
optimize their motor design. On the other hand, the high-output starters of 
15 2.0 KW class or above cannot employ an ideal (compact) motor design 

because of the requirement of suppressing heat generation. 

SUMMARY OF THE INVENTION 

In view of the above-described problems, the present invention has 
20 an object to provide a starter capable of solving the above-described 
problems. 

To solve the above-described drawbacks, the present invention 
makes clear a specific portion of the starter where the heat generation is hard 
and positively cools this heat-generating portion regardless of the coil width 
25 L, thereby effectively suppressing the temperature rise even when the starter 
is downsized. Thus, the present invention makes it possible to employ an 
optimized L/D value and provides a compact and high-output starter. 

Usually, the starter is a short-time rated motor that is inherently 
irrelevant to the temperature rise. In other words, the engine usually 
30 completes its startup operation within 0.7 sec. And, accordingly the engine 
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starter operation stops without causing substantial temperature rise. 
Furthermore, during the time required for supplying the electric power to the 
starter, the time for the maximum current (i.e. lock current) is not longer 
than 0.1 sec. Almost all of the remaining power supply time is for a 
5 non-load current (approximately 70 A). This non-load current is almost 
constant regardless of the capacity of the starter. In other words, during 
almost all of the engine startup duration, the heat generation amount can be 
suppressed to the level of approximately 70*70* r M . A small-capacity starter 
is rather disadvantageous not only in its smallness but also in this point. 
10 Nevertheless, many small-size starters can be practically used. This fact is 
an evidence that there is no problem in the temperature rise as long as the 
starter is used for an ordinary engine startup operation. 

For example, regarding the heat resistivity of the starter, there will 
be the following two requirements. 

1 5 I. After the engine starts its operation, the starter must be durable to 

a certain extent (e.g. a predetermined time) even if the motor continues 
rotating. 

II. When the engine startup operation is very bad, the starter must be 
durable to a certain extent (e.g. a predetermined time) even if the driver 
20 repeats the tuming-on operation of the key switch. 

The above requirement I is not so relevant to the largeness of r M . Fig. 
8 shows the temperature rise in the starter after the engine starts its operation. 
From this graph, it is understood that a high -temperature portion is a brush 
contact portion that is not related to the armature size. Fig. 8 shows test data 
25 obtained from a simulation test that simulates long-lasting continuous starter 
operations under an abnormal condition. According to this simulation test, a 
single complete cycle consists of a 10-second supply of 350A current and a 
succeeding 10-second stop of the power supply. 

This is apparent from the equation (3) and the above-described 
30 representative example. A half of r M is r A and the rest is r T . The heat 
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generation amount is almost the same. However, the armature and the brush 
are greatly different in their volumes. In other words, the heat capacity of 
the brush is greatly different from the heat capacity of the brush. 
Furthermore, this frictional contact portion is mechanically subjected to a 
5 great amount of generated heat. Accordingly, reducing the heat generation 
amount at this specific portion or intensively cooling this portion can 
effectively eliminate the problems even if the coil width L of the armature is 
decreased. Furthermore, when the engine has already started, no power 
supply to the motor is necessary. Thus, monitoring the engine operation and 
10 positively stopping the power supply to the motor after succeeding in the 
startup of the engine is preferable. If such a control mechanism is employed, 
a required power supply time will be 0.3 sec or less. From this aspect, the 
heat generation will be suppressed greatly. 

The above requirement II relates to a special occasion that a selected 
1 5 combination of a starter and a battery cannot produce an output sufficient or 
suitable for a required load of this starter when the engine starts rotating. 
Accordingly, the engine will continuously fail to start. Hence, monitoring 
such a situation by using a sensor and stopping the power supply to the 
starter is preferable. Alternatively, stopping the power supply when the 
20 temperature exceeds a certain level is effective in suppressing the 
temperature rise in the starter. 

Namely, almost half of the generated heat derives from the brush and 
its frictional contact portion whose heat capacities are relatively small. From 
this fact, as one of the key factors in suppressing the temperature rise in the 
25 starter, an appropriate means for reducing the heat generation amount from 
the brush and its frictional contact portion or intensively cooling these 
portions should be provided. Another key factor is immediately stopping the 
power supply to the starter after succeeding in engine startup operation. 
Providing such a temperature^ise suppressing means can realize a compact, 
30 light weight, and high-output starter. 
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In view of the foregoing, the present invention provides a first starter 
for an internal combustion engine that receives electric power from a battery, 
including a pinion meshing with a ring gear of an internal combustion 
engine, and a motor section including a yoke and an armature for driving the 
5 pinion via a speed-reduction mechanism, wherein an internal resistance r M 
of the motor section and an internal resistance r B of the battery satisfy a 
relationship that a resistance ratio r M /r B is equal to or less than 0.4, an axial 
length L of a coil constituting the armature and an outer diameter D of the 
armature (i.e. core) satisfy a relationship that a ratio L/D is equal to or less 
10 than 1.0, and a means for suppressing temperature rise in the starter is 
provided. According to this arrangement, a high-output starter can possess a 
sufficiently small ratio L/D without causing abnormal temperature rise. 
Namely, decreasing L can lower the resistance when D is fixed. The output 
increases. Alternatively, decreasing L largely compared with reduced D can 
15 assure the required output. In any case, under the restriction such that D 
cannot be increased sufficiently from the unchangeable relationship to the 
ring gear, this invention brings the effect of increasing the output even when 
the length is reduced. As a result, a high-output starter of 2.0 KW or above 
can be downsized and becomes compact and light weight. 

20 Preferably, the temperature-rise suppressing means is an excessive 

current suppressing device provided in an electric power circuit interposing 
between the battery and the starter. The excessive current suppressing 
device surely suppresses the temperature rise in the starter and accordingly 
prevents abnormal heat generation or burnout of a high-output starter even if 
25 it is downsized. 

Preferably, the excessive current suppressing device is a soft 
soldering portion provided in the electric power circuit of the starter. This is 
advantageous in that no special device or mechanism is required and 
accordingly the high-output starter can be downsized without increasing the 
30 cost. 
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Preferably, the temperature -rise suppressing means includes a 
control unit that stops electric power supply from the battery to the starter in 
response to a signal indicating startup of the internal combustion engine, 
thereby preventing the temperature rise in the starter. The control unit can 
5 surely suppress the temperature rise in the starter. Thus, the starter can be 
downsized sufficiently. For example, the economy running control can be 
carried out with a control circuit operable in accordance with the engine 
conditions. In such a case, this control circuit can be directly used as the 
control unit for controlling the electric power supply to the starter. In other 
10 words, no special or additional device is necessary. 

Preferably, the temperaturerise suppressing means includes a 
cooling device that supplies cooling air to the starter. The cooling air can 
surely suppress the temperature rise. Thus, the high-output starter can be 
sufficiently downsized. The motor section tends to be especially crowded 
15 and accordingly introducing the cooling air to the motor section brings 
remarkable effects in suppressing the temperature rise. 

Preferably, the cooling device causes the armature to rotate as a fan 
for producing the cooling air. The cooling arrangement is simple. 

Furthermore, it is preferable that the coil constituting the armature 
20 has a side surface constituting a commutator and an undercut portion of the 
commutator acts as the fan for producing the cooling air. No special 
constituent parts or components are required for cooling the starter. 

Furthermore, the present invention provides a second starter for an 
internal combustion engine that receives electric power from a battery, 
25 including a pinion meshing with a ring gear of an internal combustion 
engine, a motor section including a yoke and an armature for driving the 
pinion via a speed-reduction mechanism, a stationary contact positioned at 
one end of a terminal provided in the starter and connected to a battery cable 
for supplying electric power from the battery to the starter, and a movable 
30 contact directly connected to a pigtail of a brush of the motor section and 
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cooperative with the stationary contact to constitute a switch, wherein an 
internal resistance r M of the motor section and an internal resistance r B of the 
battery satisfy a relationship that a resistance ratio r M /r B is equal to or less 
than 0 . 4 , an axial length L of a coil constituting the armature and an outer 
5 diameter D of the armature satisfy a relationship that a ratio L/D is equal to 

or less than 1 .0, and a means for suppressing temperature rise in the starter is 
provided. 

According to this arrangement, the power current is supplied through 
only one contact portion between the battery cable and the brush pigtail. The 
1 0 frictional contact portion of the brush and the commutator is the place where 

the temperature rise is very large. Accordingly, it is possible to transfer the 
heat generated from the frictional contact portion of the brush and the 
commutator to the battery cable with a relatively small thermal resistance. 
As a result, the thick battery cable can be used as a cooler or a cooling fin. 
1 5 This effectively prevents the high -output starter from being subjected to 
abnormal temperature rise. The value L/D can be decreased. The starter can 
be downsized. 

Preferably, the movable contact and the pigtail are fixed by a soft 
solder. The pigtail has a higher temperature. The soft solder can act as a fuse 
20 if a large current flows across the pigtail. 

Moreover, the present invention provides a permanent magnet field 
type starter for an internal combustion engine that receives electric power 
from a battery, including a pinion meshing with a ring gear of an internal 
combustion engine, and a motor section including a yoke and an armature 
25 for driving the pinion via a speed-reduction mechanism, wherein when r B 
represents an internal resistance of the battery, r T represents an overall brush 
resistance including a contact resistance to a brush and a commutator, and r A 
represents an armature resistance, the internal resistance r B of the battery and 
the internal resistance r M (r M = r T + r A ) of the motor section satisfy a 
30 relationship that a resistance ratio r M /r B is equal to or less than 0 . 4 , an axial 
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length L of a coil constituting the armature and an outer diameter D of the 
armature satisfy a relationship that a ratio L/D is equal to or less than 1.0, 
and the overall brush resistance r T is smaller than the armature resistance r A , 
and the overall brush resistance r T is equal to or less than 1 .5 mfl 
5 The brush portion generates a great amount of heat and has a small 

heat capacity. Thus, the temperature of the brush portion tends to increase 
greatly. Setting the overall resistance r T of the brush portion to be smaller 
then the armature resistance r A is effective in suppressing the temperature 
rise in the starter and also in reducing the motor internal resistance r M . 
10 Attaining higher output and improving the cooling ability can be easily 
realized for the starter. 

Preferably, the brush is a metal graphite brush containing copper by 
80% or more. This is easily realized by changing the material of the brush, 
without increasing the cost. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the present 
invention will become more apparent from the following detailed 
description which is to be read in conjunction with the accompanying 
20 drawings, in which: 

Fig. 1 is a cross-sectional view showing a conventional starter; 

Fig. 2 is a graph showing a relationship between an output and a 
combined resistance of a conventional starter; 

Fig. 3 is a graph showing a relationship between an internal 
25 resistance of the conventional starter and an outer diameter D of its 
armature; 

Fig. 4 is a graph showing a relationship between the internal 
resistance of the conventional starter and a coil width L of its armature; 

Fig. 5 is a graph showing a relationship between the internal 
30 resistance of the conventional starter and a size ratio L/D; 
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Fig. 6 is a graph showing a relationship between a resistance ratio of 
the conventional starter and the size ratio L/D; 

Fig. 7 is a graph showing a theoretical relationship between the 
combined resistance and a starter internal resistance; 

5 Fig. 8 is a graph showing the result of a temperature rise test 

conducted for a conventional starter of 1 .5 KW class; 

Fig. 9 is a cross-sectional view showing a starter in accordance with 
an embodiment of the present invention; 

Fig. 10 is a partial cross-sectional view an armature of the starter in 
1 0 accordance with a preferred embodiment of the present invention; 

Fig. 11 is a side view showing the armature of the starter in 
accordance with the preferred embodiment of the present invention; 

Fig. 12 is a cross-sectional view showing the starter in accordance 
with the preferred embodiment of the present invention, taken along a line 
15 XII-XII of Fig. 9; 

Fig. 13 is a plan view showing a brush and associated parts of the 
starter in accordance with the preferred embodiment of the present 
invention; 

Fig. 14 is a graph showing a target zone of the starter in accordance 
20 with the present invention, in the relationship between the resistance ratio 
and the size ratio L/D; 

Fig. 15 is a graph showing a relationship between a specific 
resistance of a metal graphite brush and its copper content; 

Fig. 16 is a graph sowing a relationship between the copper content 
25 of the metal graphite brush and a brush resistance; and 

Fig. 17 is a graph showing cooling effects brought by the preferred 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

30 A preferred embodiment of the present invention will be explained 
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hereinafter with reference to attached drawings. 

As shown in Figs. 9 through 13, an armature 10 includes a core 11 
and a coil 12. A yoke 20 includes a permanent magnet 22 and a casing 21. 
The yoke 20 and the armature 10 cooperatively constitute a motor section 1. 

5 The coil 12 has two coil end portions 12a and 12b at both ends in the axial 
direction. One coil end portion 12a has a function of acting as a commutator 
at a side surface of the core 11. The commutator 12a is retracted at its 
undercut portion 13. The commutator 12a can rotate in accordance with the 
rotation of the armature 10 so as to act as a centrifugal fan. As a result, the 
10 cooling air flows toward the undercut portion 13. The fan effect of the 
commutator 12a causes the cooling air introduced from the inlet port 61a of 
the cover 61 to pass the undercut portion 13 and cool the frictional contact 
portion of the commutator 12a and the brush 30, and then exit out of an 
output port 21a of a yoke casing 21. Although the inlet port 61a according to 
15 this embodiment is provided on the cover 61, it is possible to provide the 
inlet port 61a at other appropriate portion. 

One end of the pigtail 31 of the brush 30 is connected or fixed to a 
movable contact 41 by means of a soft solder 35. When an excessive current 
flows across the pigtail 31, or when the power supply continues for a 
20 relatively long time, the soft solder 35 fuses in response to the temperature 
reaching a predetermined level and accordingly stops the power supply. The 
soft solder 35 can be made of a material having an appropriate melting point. 
Accordingly, the soft solder 35 can function as a fuse. For example, a tin 
material is preferably used for the soft solder 35 if required to stop the 
25 power supply at the temperature level of approximately 200 °C, and a lead 
material is preferably used for the soft solder 35 if required to stop the 
power supply at the temperature level of approximately 300 °C. 

A stationary contact 42 is provided at one end of a battery terminal 
45. The stationary contact 42 and the movable contact 41 cooperatively 
30 constitute a main contact portion 40. An electromagnetic solenoid 50 has a 
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plunger 5 1 movable in its axial direction. Each of a sub contact portion 47 
and the main contact portion 40 causes a switch action in response to the 
movement of the plunger 5 1 . The rotation of the armature 1 0 is transmitted 
via a planetary gear type speed-reduction section 71, a clutch section 72, and 
5 an output shaft 73 to a pinion 74. The plunger 51 of the electromagnetic 
solenoid 50 not only moves the switch contact but also moves a rotation 
restricting bar 92 via a connecting bar 91 to restrict the rotation of the pinion 
74. When the rotation of the pinion is restricted, the force generated by the 
rotation of the motor causes the pinion to shift in the axial direction with the 
10 aid of the output shaft 73 having a torsion spline function and causes the 
pinion to mesh with the ring gear of the engine. 

It is now assumed that the resistance of the armature coil 12 is r A and 
the resistance of the brush 30 is r T . The overall brush resistance Rt includes 
a contact resistance of the brush and the commutator 12a. In this case, the 
1 5 motor section 1 has no other portion having a significant electric resistance. 
Accordingly, a resistance r M of the motor section 1 can be expressed by an 
equation r M = r A + r T . 

As shown in Fig. 15, a metal graphite containing copper of 80% or 
more has a specific resistance 10 Mf2cm or less. The brush of this 
20 embodiment is made of the metal graphite having such characteristics. 

Accordingly, the overall brush resistance r T is equal to or less than 1.5 mO. 
This relationship is shown in Fig. 16. Furthermore, the relationship r A > r T is 
satisfied. On the other hand, when the width of coil 12 is L and the outer 
diameter of the armature 10 is D, the relationship L/D < 1.0 is satisfied. 

25 Namely, as L is smaller than D, the resistance r A of coil 12 can be reduced. 

The brush resistance rr is also small. Thus, the motor resistance r M can be 
decreased. The ratio of the motor resistance r M and the battery internal 
resistance r B is equal to or less than 0.4 (i.e. r M /r B < 0.4). 

The battery terminal 45 is connected to the battery via the cable (not 
30 shown). Furthermore, although not shown in the drawing, it is preferable 
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that the circuit includes a control unit for immediately stopping the current 
supply to the motor section of the starter in response to engine startup 
operation. 

The starter of the above-described embodiment will be explained, 
5 hereinafter. When a key switch (not shown) is closed, the electromagnetic 
solenoid 50 moves the plunger 51 that enables a relatively small current (e.g. 
approximately 200 A) to flow into the motor via the sub contact portion 47. 
The motor starts rotating slowly in response to this power supply. As a result, 
the pinion meshes with the ring gear under the condition that the pinion is 
1 0 restricted not to rotate. Thereafter, a large current is supplied from the main 
contact portion 40 and the engine starts rotating. The large current is a 
maximum current to be supplied and is, for example, approximately 800 A. 

As described above, compared with a low-output starter, a 
high-output should decrease the motor resistance r M . To this end, L should 
15 be reduced. However, considering the heat capacity, L must be kept as a 
relatively large value. Hence, D is forcibly increased to decrease the motor 
resistance r M . In this respect, conventional high-output starters cannot be 
evaluated as excellent. However, there is an increasing need to use 
high-output starters for the economy running control. For example, 
20 according to the economy running control, the engine is automatically 
stopped when predetermined conditions are satisfied. As a result, electric 
power is frequently supplied to the starter to repetitively restart the engine. 
However, the large size of the starter is a bottleneck in realizing the 
economy running. However, the present invention aims to realize effective 
25 downsizing of a motor section (e.g. L/D < 1) in a high-output starter using a 
large-capacity battery using 2.0 KW or more, i.e., having the resistance ratio 
TmAb < 0.4 as shown in Fig. 14. To this end, the present invention employs 
various means for suppressing the temperature rise in case of failure. 

More specifically, this embodiment uses the following means for 
30 suppressing the temperature rise in the starter. 
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A first temperature-rise suppressing means according to this 
embodiment is the soft solder used for connecting or fixing the pigtail 31. 
When the temperature of the pigtail 3 1 exceeds the melting point of this soft 
solder, the soft solder fuses and stops the power supply. Accordingly, this 
5 effectively prevents the starter from causing abnormal heat generation or 
prevents starter components from being burned out. 

A second temperature^ise suppressing means according to this 
embodiment is the control device that detects ignition and startup of the 
engine and optimizes the economy running condition. This effectively 
1 0 prevents the power supply to the starter from being uselessly continued for a 
long time. Thus, a downsized high-output starter is provided for the 
economy running control. 

A third temperature-rise suppressing means according to this 
embodiment is supplying the cooling air to the starter to suppress the 
15 temperature rise in the starter. Furthermore, this embodiment utilizes the 
undercut portion of the commutator as a fan. Therefore, no special fan is 
required. The brush contact portion that causes very high temperature rise 
can be intensively cooled. 

A fourth temperature-rise suppressing means according to this 
20 embodiment is releasing the brush heat via the pigtail with no substantial 
thermal resistance to the thick battery cable. Therefore, the brush portion 
does not cause extremely high temperature rises. According to this 
embodiment, only one contact portion is provided. The distance between the 
brush and the battery terminal is short. The thermal resistance is very small. 
25 On the contrary, according to the conventional starter shown in Fig. 1, the 
distance between the brush 30 and the battery terminal 45 is long and the 
contact portion is constituted by two serial arranged portions. Thus, thermal 
resistance is relatively high. 

A fifth temperature^ se suppressing means according to this 
30 embodiment is using the brush portion made of a material containing a 
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sufficient amount of copper that is excellent in both the electric resistance 
and the thermal resistance, thereby effectively suppressing heat generation 
from the brush portion. 

Fig. 17 shows temperature rise appearing at the fifth cycle in a 
5 simulation test for supplying electric power of 500A to a starter having a 
downsized body and capable of outputting 2.0 KW (under the same 
conditions as those of Fig. 8). The test result shown in Fig. 17 proves that 
every one of the above-described temperature-rise suppressing means 
according to this embodiment brings satisfactory improvement. More 
1 0 specifically, even when the starter is downsized and capable of producing an 
increased power, the temperature rise can be suppressed to a level 
substantially equivalent to that of a conventional starter of 1.5 KW class (i.e. 
the one tested at 350A in Fig. 17). 

The temperature^ise suppressing means according to this 
15 embodiment can be combined variously. For example, two or more of the 
first to fifth temperature-rise suppressing means can be combined 
appropriately considering a target output level and assuming an abnormal 
condition to be eliminated. 

As described above, this embodiment enables a motor designer or a 
20 maker to provide an optimized high-output starter having a compact and 
light-weight body and usable for the economy running control. 
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